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ABSTRACT. Kloctrots were Hindu with comnieiiunlly availublo onrnnuba wax.
Inlluonres of voltage and toiiiperatuie on the lom uitinn of olectrets wore .studied.
Attempts were made to measure the surface oharge.s with an eloetroinetor.
Variation of dielectric constant e and tan fi were measured with time by moans of 
a universal capacity bridge.
On application of the field m the molten condition of the material, only n fraction of 
(lio dipoles orient in the direction of the field, larger portion orient randomly in all other 
possible directions. Alignments of the dipoles in the parallel diioctioii incroa,ses the dielec- 
tiK con.stant- Depending outline more of the dipoles orient in the iiarallel direction due 
to the field induced by the dipoles, thereby increasing the value of diolect.nc constant In 
Ihc ]»resont investigation, abnormally high increase in the value ol dielefitric con.stant along 
till) direction of the field was obtained. But when the dielectric constant was measured at 
nglit nnglos to the direction ot the field, the values of the treated material were found to 
l)c loMor than those for the control sample.
A. 0. conductivity of the material was calculatdod from the measured values of e and
bill §,
1. I N T R O D U C T I O N
Adams (1927) found that electret materials were piezo-olectric. But Gemant 
(19115) and Nakata (1927) could not find any piezo-electric effects, and Thiessen 
(1936) and co-workers obtained only small deflections of the electrometer upon 
the application of pressure, which they ascribed to capacity changes rather than 
to piezo-electricity. In view of this apparent contradiction, it was thought 
Avorthwhile to undertake further investigations to elucidate the question.
The experimental investigation here reported was undertaken with the hope of 
flndiug out some materials which on being electrically conditioned, might attain 
l)iczo-electric property. An artificially made piezo-electric material may be
* Part of tho results has been published in Phys. Rev. 1955, 98, 1728.
This paper coniains the essential materials of the subsidiary part of a thesis approved 
9y the Calcutta University for the degree of Doctor of Philosophy (1957).
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fruitfully utilized to the best advantage as a substitute for piezo-electric quartz 
crystal and also magnetostriction type transducer to generate ultrasonic energy 
in a certain frequency range—specially in the Ipwer frequency region 20-100 kc/s 
Intensive private commercial investigations have been made. B ut their findmgs 
are of no use to the scientific investigators as they are naturally unwilling to diH- 
close their findings.
Materials having permanent dipole moment may attain  the property of 
piezo-electricity, when they are electrically treated. Under this condition, iJiey 
may be said to have attained the property known as electro-strition. LikewiHc, 
in the field of magnetism, there is magneto-striction. By electro-striction it is 
understood th a t the volume of the dielectric material changes, resulting ! from elec,- 
trie polarisation. Of considerably greater interest is the production of roerniancul, 
polarity in a dielectric whereby a polarised baror plate of dielectric behaves 
liko a permanently polarised steel bar or plate; such an object was called by Heavi­
side (Engineering, 1885, quoted from Physical Chemistry by Partingtop, J  K.) 
an ‘electret’. Usually the properties of the polarised material measured do not 
include th a t of elctro-striction bu t includes the measures of e and tan  S.
When an electric field is applied to a polarised material along the direction 
of the permanent polarisation, the material lengthens. I f  the applied field is 
reversed, a shortening occurs. Thus an alternating field applied along the same 
line as the polarisation causes the material to alternately lengthen and shorten 
its dimension along this line. This effect is used directly in driving thickness 
vibrations in the direction of the applied field. I t  is used indirectly through 
Poisson-effect in driving radial vibrations of a disc, and length vibrations of a bar 
when field is perpendicular to length. By applying the driving field perpendn ular 
to the direction of permanent polarisation a shear strain is produced.
Eloctrets were investigated experimentally by a number of workeis 
(see references). A mixture of wax, specially carnauba wax, a little beeswax and 
rosin are used and the fused mixture is allowed to solidify in a strong electric 
field. I t  has been found th a t the charge so produced on the surface is not removed 
by a flame, treatm ent with X-rays, washing with various liquids or shaving off 
the surface with a knife. When the charge on the surface is removed it re-apiiears 
after a time. The surface charge is measured by an electrometer. The initial 
surface charge is a hetero-charge, opposite in sign to the charge on the metal plate 
during the preparation, but there is a rapid change to a homocharge, of the same 
as th a t on the plate. The anode layer assumes a  short-lived positive charge, 
rapidly subsiding to a steady somewhat lower positive charge which is constant 
for several days. The general conclusion is reached th a t the charge on an electret 
is not due to polaidsation of the dielectric tliroughout the mass, bu t is in the nature 
of a surge charge communicated from the electrodes.
In th6 present investigation, initially, lin attempt was made to measure 
the surface charge against time by means of a Wulf’s type electrometer. But no 
satisfactory results were obtained. The electret was found to behave like an 
t)]cctrophorous and so measurements with this electrometer was discontinued. 
Subsequently measurements were made of the change of dielectric constant 
of the electret forming material with time, after it had been treated with uni- 
du’cctional- electric field. The property of the polarised material inoludos the 
measure of c and tan 5.
Ill course of the measurements of the dielectric constant e and tan d some 
remarkabje findings were obtained. I t  was found that the dieletric constant 
increased to an abnormally high value after some days. This high value after 
bovering for some days dropped down to a lower value. In the present report, 
ilic changes of dielectric constant with time under different conditions of the 
formation of electrets, are presented. The piezo-electric effects of electret will 
ho reported later on. The results obtained are shown in the diagrams (figures 
2- 6).
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1—The sohematio experimental arrangementa for making an eloctret and devices to 
measure charge, dielectric constant e and tan 8- 
l^ .U.T.—Polarising High Tension ESV-Eleotrostatic voltmeter; /lA-Microammeter; C-Capa- 
oitor unit which contains the dieleotrio imder investigation; E-Electrometer; B-Uni- 
versal capacity bridge; T-Thermometer; Te-Hoadphone; H-Bunsen burner.
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2. T H E O R E T I C A L  C O N S I D  E ^ ^ I T  1.0 N 8
T , 0 .  B h ttd ra
Molecules are composed of positively and negatively charged particles in such 
numbers th a t they are neutral as a whole. In  polar molecules there is finite 
distance of separation between what may be termed the centres of gravity of posi-
F i g .  2 .  O r a p h  A  s h o w s  t h o  p l o t  f o r  t h e  c h a n g e  o f  d i e l e c t r i c  c o n s t a n t  o f  t h e  s p o o i m e n  u n d e r  
t e s t  a g a i n s t  t i m e  i n  d a y s .  A y l S O ^ O - T o i n p e r a t u r o ,  w h e n  t h o  f i e l d  w a s  a p p l i e d .  
G r a p h  B  s h o w s  t h e  p l o t  f o r  t h e  c h a n g e  o f  d i o l o c t r i c  c o n s t a n t  o f  t h o  c o n t r o l  s p e o i -  
m e n  a g a i n s t  t i m e  B 2 i l 8 0 ° C r e f e r s  t o  t e m p e r a t u r e  u p  t o  w h i c h  i t  w a s  r a i s e d .  
P o l a r i s i n g  f i e l d  E  =  1 1 . 6  K v . ' c m .  G r a p h  2 C - s h o w s  t h e  c h a n g e  o f  a . c .  c o n d u c t i v i t y  
R  o f  t h e  p o l a r i s e d  m a t e r i a l  a g a i n s t  t i m e .
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F i g .  4 .  G r a p h s  A j i l S O ^ C  a n d  B 2 » 9 0 ° C  s h o w  t h e  o f f e o t  o f  t e m p e r a t u r e  o f  t h o  m a t e r i a l  a t  
w h i c h  t h e  f i e l d  w a s  a p p l i e d  o n  t h e  c h a n g o  o f  d i e l e c t r i c  c o n s t a n t  w i t h  t i m e .
F i g ,  5 .  T h e  c h a n g e  o f  d i e l e c t r i c  c o n s t a n i >  a g a i n s t  t i m e .  F i g  ( 6 a ) — A l o n g  t h o  d i r e c t i o n  o f  
f i e l d ;  F i g .  ( 5 b ) ,  C u r v e  B - o h a n g e  a t  r i g h t  a n g l e s  t o  t h o  d i r e c t i o n  o f  f i e l d  a n d  c u r v e  
A - s h o w s  t h e  o l i a n g e  f o r  t h e  c o n t r o l  s p e c i m e n  i n  t h e  c a p c i t o r  p l a c e d  p e r p e n d i c u l a r  
t o  t h e  f i e l d .
Fig- 6.
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tive and negative electricity, and the polarity of a molecule becomes less as tlioso 
centres of gravity in a molecule approach each other. When placed in an electri­
cal field a polar molecule will tend to orient itself in such a  way th a t the positive 
part of the molecule points towards the negative electrodes and the negative part 
points to the positive electrodes. The force required to orient the molecules will 
depend on the magnitude of the charges and on the distance between them. The 
dipole moment is defined as the product of one of the charges and the distance 
between the two average centres of positive and negative electricity.
On application of external electric field, the dipoles of the domain struc­
ture orient in the direction of the applied field. I t  is assumed th a t orientations 
of molecules in all directions are equally probable. The alignments may be in 
parallel, antiparallel and other directions. Under the aligned condition, the 
medium is said to be polarised. Saturation electric polarisation, apparently, 
cannot be reached without dielectric breakdown. For this breakdovjm of the 
dielectric medium an electric field of the order lOW/cm is required. I^rom the 
practical point of view, it is too difficult a situation to bo materialised easily. But 
in the neighbourhood of an ion, or the dipole, the field may bo as high as JO^V/cm. 
There is also a dependence of dielectric constant on the applied field and electroa- 
triction.
On account of the regular distribution, the dipoles are mutually coupled 
in a special way by the very powerful internal field in the structure. I f  a weak 
field is applied, the internal field enhances it  by resulting orientation of the dixioles. 
The spontaneous parallel arrangement of all dipoles gives rise to a high dielectiic 
constant, but also occasions a very large dielectric loss due to hysteresis. The 
oriented dipoles exert supplementary forces and the resulting change of dimen­
sions leads to new positions of stability.
Solid substances, such as Rochelle salt, ammonium dihydrogen phosphates 
and barium titanate have got unusually high permeabilities (or dielectric cons- 
, tants). These are the analogues in electrical properties of the so-called ferro­
magnetic bodies with abnormally high magnetic permeabihties and also showing 
the properties of hysteresis and permanent magnetism. The correspoding 
dielectrics, in view of their essential property, the unusually high dielectric cons­
tant, are termed as hyperelectrics. Many of the fundamental ideas have been 
carried over to the electrical analogues, in particulaa» th a t of domain structure. 
While considering the domain structure, the elementary dipoles are identified 
with domains containing a large number of atoms, the j^ermanent dipole moment 
of which are aligned in one direction inside each domain. This alignment is 
assumed to be due to a permanent intra-molecular field extending over the whole 
volume of the domain, the existence of the field is supposed to characterise a 
hyperelectric material. Many investigations have been carried on Rochelle 
salt, AD phosphates and barium titanate. B ut no investigation has yet been
carried along these lines on oarnanba wax. In  the present investigation, an a t­
tempt was made to investigate the case of camauba wax,
(a) Calculation of polariaahility
Iict the material under investigation contain molecules per cubic centi­
metre, all of the same kind and in the same state a. The polarisation of the, 
medium will be
(1) P  =  N ^E ,  where R  stands for dipole moment.
For an isotropic medium, the Lorentz field,
(2) — E-\-4:7tPIS may bo denoted as the effective field. Expressing E^ 
by this relation, the expression for the polarisation of the medium may be written
as
(3) P  =  N i Ell^~— ^hore a  stands for the polarisability of the 
molecule in the state a.
From electromagnetic theory, the electric displacement vector D  may bo 
expressed in the following way,
(4) D =  tE  ~  E-\-^7tP, where e is the dielectric constant of the medium. 
In terms of polarisability, the dielectric constant may be written as
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(5) e = l + l-47r^5t/3
e — 1  _  4:7tN i (x,
3 "
With the help of the equation (6), the amount of polarisation produced in the 
electrically polarised dielectric material can be estimated. This partial polarisa­
tion is supposed to  be responsible for the piezo-electric effect.
{b) Calculation of a.c. conductivity of the dielectric material
An alternating field,
(6) E =  E q sin (27t«/T), where T  is the period, when it acts on a dielectric, 
the current through the dielectric is represented by
(7) I{t) =  /o cos {27TtlT-d) =  7o cos S cos {27TtfT)+lo sin S. sin 27TtjT.
The cosine term represents the displacement current and the sine term, 
the conduction current. I f  G is the capacity
(8) cos =  (27t/3') G. E q, I q sin =  {^nRle) GEq, where R  is the 
fonductivity and e is the dielectric constant. The loss angle d is determined 
from equation (8) by
(9) ta.uS = ^2TRjE
Or e tan  &f2T
3. E X P E R I M E N T A L  A R R A N G E M E N T S
The entire experimental arrangements are shown in the schematic diagrams 
figures 1 (a) and 1 (b).
Figures 1(a) and 1(b) show the arrangements of melting, polarising by apply, 
ing external fields, and the respective apparatus for measuring charges, dielentric 
constant c and tan Temperature was recorded by means of the thermomote]> 
T. In  figure 1(a), the electrodes dipped into the molten dielectric were of tin and 
those in the figure 1 (b) were the commercially available condenser plates. The 
external field applied to polarise the material was measured by means of an det', 
trostatic voltmeter and the current through the material during the time of polaris­
ing was observed by means of a microammeter, connected as shown in the figures 
1 (a) and 1(b). These meters remained connected till the material was cooled down 
in air.
Oarnauba wax, the material under investigation in the present ratpenmcnt, 
was melted and the temperature was raised to some higher level above the melting 
point. At a particular temperature (kept approximately constant by manual 
manipulation of the flame) the external field was applied, and the mat^erial was 
kept under tension of this applied field a t th a t temperature for about 15 raimiius, 
Then the flame was removed and allowed to cool in air. I t  required about 8 to 10 
hours to solidify. (This was verified by actual experiment). After solidification the 
external field was removed and the charge was measured by a W ulf’s type electro­
meter, and the dielectric constant e and tan  S were measured by means of a uni­
versal capacity bridge. From the magnitudes of the measures of charges or 
change of dielectric constant the amount of polarisation produced in the material 
were estimated and thereby confirming whether the specimens of material under 
investigation were turned into an electret or not. Eleotrets were made under the 
following conditions :
S. No. Temperature Applied
in 0°C field KV/cm
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(1 ) 90 5.1
2 ( a ) 180 2 . 0
( b ) 180 6.1
( 3 ) 180 11.6
(4) Two condenser units arranged in such a way so th a t the plates of one 
unit is orthogonal to the other unit.
This is to measure dielectric constant both par* to the direction of the applied 
field and perp. to the direction of the applied field.
(5) Material was melted and tem perature was raised to I80°C and then 
allowed to cool in air. In  this case no external field was appUed. This specimen 
served as a control.
4. M E A S U B I N G  I N S T R U M E N T S  
L W ulf’s single string electrometer
A schematic diagram of the electrometer is shown in figure 1 . The fibre is 
pjacod 111 a uniform electric field between two knife edges. The lower end of the 
fibre rests on a quartz bow and the upper end being connected to an electrode 
which passes through a high grade insulator. The arrangement of connecting the 
specimen under investigation and the electrometer is shown in figure 1. The 
fibre deflection is observed on a micro-scale fitted hi the eye-piece of a telescope. 
The capacity of the system being previously determined, the charge stored by the 
electromotor can bo ascertained.
2 . Marconi universal capacity bridge Type No. TF  868/1. This instrument 
incorporates an oscillator to generate a.c. voltage of lOOOc.p.s. There is an 
ji.c. bridge circuit arrangement hi which the oscillator output voltage of definite 
magnitude is applied. Any change in the capacity of a condenser is observed 
from the deflection of the meter. Direct readings of capacity are obtained in this 
apparatus. There is also provision to measure tan  d, where S is the loss angle 
and Q which is reciprocal of tan S. Another provision is included to insert a 
headphone. The readings of the capacity of a condenser are taken from the gra- 
dilated dial corresponding to the null-deflection of the indicating meter or from 
iho minimum intensity of sound produced in the head-phone. Both those devices 
may be employed simultaneously quite independent of each other to determine 
llio capacity of a condenser so as to ensure more correct readings.
6. E X P E R I M E N T A L
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(a) In  the first part of the present investigation, attempts were made to 
measure charges in the electrically treated dielectric material by means of an 
electrometer against time.
The hypothesis behind this measurement was that the molecules having 
dipole moments would align in the direction of the applied d.c. polarising field 
-field being applied in the molten condition of the dielectric material and conti- 
1111 ed so till the dielectric was solidified. So the surface near the positive elec­
trode would be negative and th at near the negative electrode positive. This 
dielectric system would then act as an electrostatic cell having two distinct posi­
tive and negative poles a t the two faces but possessing no current supplying capa- 
t‘ity, unlike the storage cell which can supply current. When such a cell is con­
nected across a sensitive electrometer, there should be some deflection of the 
fibre of the electrometer, thereby proving the development of voltage due to charge 
foT'mation at the surfaces. But when the experiment was performed, no de- 
fleotioii of the fibre was obtained even a t the most sensitive condition of the 
electrometer.
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In  the next phase, this cell system being connected to the electrometer, 
the upper electrode was raised suddenly by holding the rod attached to tJie 
electrode by means of a polystyrene insulator (shown in the diagram figme la). 
This time the electrometer fibre was deflected and the deflection was also obtained 
when the electrode was suddenly brought near the surface of the dielectric but 
not physically touching it. This kind of operations of the electrode gave de- 
flections of the fibre even when the two faces of the dielectric were earthed before 
each operation. The explanation of these observations will be given in the 
next section.
The exi)eriment was not continued any more, as no convincing and con- 
sistant results were obtained with the electrometer which was supposed to be 
not sensitive enough for these measurements. I
(b) Finding no promising results in the charge-measurement experiment, 
the direction of experiment on polarised dielectric material was turned! to a dif­
ferent course. This time attem pt was made to measure the change of dielectric 
constant e and tan  with time so as to obtain information of the amount of polari- 
sation produced in the dielectric.
In  connection with the measurements of dielectric constant e and tan S, 
the following experiments were performed with the help of the universal capacity 
bridge as described in the previous section :
(1) To measure the change with time the dielectric constant of d given 
wax material which was melted and subsequently allowed to solitUiy 
in a given electric field (figure 2a).
(2) To measure the variation of tan  S with time of the same specimen 
(figure 3).
(3) To study the effect of the strength of the initial polarising field on the 
subsequent change in the dielectric constant of the material with time 
(figures 2a, 4a).
(4) To study the effect of the temperature of the molten dielectric at the 
time of applying the polarising field, on the subsequent change with tune 
of the dielectric constant of the material (figure 4).
(6) To measure the changes with time of the dielectric constants, both 
in the direction _of the applied field and perpendicular to the direction 
of the applied field (figures 6a, 56).
(6) To study the effect of melting the dielectric without any impressed field 
on the subsequent change of dielectric constant with time (figure 26).
Experiment No. 6 served the purpose of a control.
6. R E S U L T S  AND D I S C U S S I O N
(a) The observations th a t were made in the measurement of charges were 
not consistent and conclusive, and so the results obtained have not been reported
111 the present paper. A remarkable observation was however made viz., the fibre 
of the electrometer deflected when the upper electrode was suddenly raised from 
01 brought near the sm’face. This finding can be explained only if the dielectric 
ivitli the two eloctodes systein is assumed to act as an electrophorous. The 
dielectric became polarised while an external electric field was applied in the 
molten condition of the dielectric. Subsequently, it was cooled in air without the 
applied voltage being withdrawn. No discharge could develop at that state. 
On the two opposite surfaces of the dielectric slab positive and negative free 
ohavges accumulate due to the applied field. This can be neutralised by a leak 
discharge through the body of the dielectric slab. In our rase the leak discharge 
vvas extremely small and not detectable with the instrument used and the charge 
jcmained frozen-ui.
Dielectric absorption observed in all solid dielectrics, is caused by delayed 
orientation of dix^olea, molecular rearrangements, displacements of strain of co­
valent bond and ionic displacement in polarisation. On account of absorption,
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1 2 3 4 5 6
1 33.5 11 6 Kv/crii ISO'^ C 1000 o.p.B. Fig. 2o
2 33 5 i t l i i 11.6 Kv/cin ISO^ O 1000 op,.a. Fig. 3
3 33.5 11.6 Kv/cin IBO'^ C 1000 o.p.s. l^ ig. 2a
28.5 /x/tf 6.06 Kv/cm ISO^ C 1000 o.p.B. Fig. 4a
4 28.5 m 6.06 Kv/om 180'’C 1000 o.p.s. Figi 4a
28.6 g/xf 6.06 Kv/cm oo'-c 1000 c.p.B. Fig. 4b
G 2.1 ju/tf 180“0 Fig. fib
Perp. to Piel
10.2 fx/xf 2 Kv/om 1000 o.p.s.
Par*, to Field 180“C Fig. fia
6 33.S M/xf No field 180“C 10000 c.p.s. Fig. 2B
1 Table I  shows, the conditions under which the exi>erunent8 were 
Column <«) refers to the f e r e s  where the r^peotiye values of b f f  
against time. Column (5) ^ow s the value of applied pol^ansmg f e  and 
tomporatwre when field was applied. Last row shows the espenmental oharaoteristib of 
the cmitrol qpeoimen ]• '
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a capacitor containing solid dielectric can neither be charged nor discharged 
instantaneously. Dielectric absorption in combination with an adequate heat 
treatm ent produces the electret effect.
Further work in this lino, with a much more sensitive electometer, is in progress.
(b) Experimental results of the dielectric constant e and tan d measurc- 
meiits of a typical samx)le of commercially available carnauba wax, are shown in 
the figures (2) to (5), and table I  shows The different conditions of cx^ierirnonta m 
a summarised way.
In  the present investigation, no attenijit was made at securing high pre­
cision. Here the mam object was to get information of the change of polarisation 
due to the action of electric field, in a very qualitative way. This ih turn was 
obtained from the measurements of the dielectric constant. To th a t ^ te n t,  the 
present investigation is a successful one. Not only dieloctrit; constantle but also 
tan S, was measured in the same experiment. Knowing e, tan  and the period 
T  of tlie a.e. moasuriiig voltage, the conductivity was calculated by utilising the 
formula (9).
The results of the experiments performed arc shown m ihc figures (2), (!1), 
(4) and (5). The figure 2(C) shows the calculated a.c. conductivity of the polarised 
material against time. 0
I. (A). Figure 2 , graph 2A shows the variation of dielectric*, constant 
e against time. From the study of the grapli 2A, it is cvhhmt th at there is a gi-adual 
rise of the dielectric constant lor the first lit days. Then after the 18th day tlierc 
is a sharp rise in the measure of t. The value of tlic dielectric constant rcnnuiis 
a t th a t higher level— with many ups and downs—for about 68 days and after 
which there is a sharp fall . On close ohservation of the curve, it is found that 
the fluctuations m the measurements of the dielectric constant before the (hate oi 
sharp rhse have got some corresjioiidciKje with the same after the date of fall. 
Moreover, in the measurements of the dielectiic constant at the higher level stale, 
it was noticed subjectively th at the head-phone gave indications of tremen­
dous noise and it was very difiicult, sometimes it was jiractically impossible, lo 
get the mmimum sound-position at the highest sensitive condition of the measur­
ing instrument. This excess noise may be attributed to bo the cause of molecular 
re-arrangements due to internal induced field. Greater the number of dipoles 
aligned in the direction of the field, greater is the polarisation. Here it may bo 
supposed th at on the ajiplication of the field in the molten condition of the material 
some dipoles were aligned in parallel and some in antiparallel and the rest in all 
other directions accoi‘ding to the following statistical law% n — n^e~fiF!KT cos d> 
where T  is the temperature of the substance.
(B) Jnterpretaiion of the mechanisms involved in the entire process of maMng
The wax material is kepi for a few hours in molten comlition in a strong oloo- 
trio field and then allowed to sohdify with the fioJd on, after whieh the external 
electric field is withdrawn.
We may picture the solidified wax material as follows:
(I) At tho two ends are two sti'ongly polarized oloctrets A-^  and Ag in figure
fi(a)
In between these two eleetrets are the wax dipole molecules, which try  to 
nriout themselves parallel to the direction of tho field duo to the two eleetrets 
ylj and Ag. Such orientation are ojiposed by the viscous forces in tho material of 
llic wax. Gradually there will be increasing alignment of tho wax molecules along 
the directions of tho field due to A-  ^A^- T1k5 measure of this orientation will be 
tl)o change in the value of dielectric co-effiriont.
Tho variation of the predicted change of e with T  as illustrated in figure 
(i(b) corresponds roughly with the observed dependence of e with T  as given in 
figure 2(o).
(i) In  first stage the portion AT? of figure 0(b) represents an almost linear 
increase of dielectric coefficient with the applied finite A.O. field.
This corresponds to the portion of the curve in 2(A) between 0 and 15 
days.
(ii) 111 the second stage JiO of figure 6(b) when the dielectric co-efficient 
increases very rapidly with tlie applied A.O. field corresponds to the 
portion of curve 2A between 15 and say, 22 days.
(iii) we can consider th a t corresponding to the portion (W  of figure 6(b) 
is the portion between 22 and 90 days in the curve 2A.
(iv) there is an abrupt change in the dielectric coefficient curve 2A between 
90 and 110 days. Probably more than one interpretation of this 
observed effiect is possible. The following one appears to bo reasonable.
During the stages (i) to (iii) the field due to tho electret pair can bo assumed 
to remain on the whole constant. Even during this period there is gradual loss 
of charges forming the eleetrets pair A i  and A.  ^ duo to
(a) loss of charge to the surrounding air and (b) due to conduction through 
the main body of the slightly leaking dielectric. When the charges on Aj and Ag 
become negligible, we arrive a t a stage when there is a dielectric polarisation in 
a viscous dielectric body not maintained by any external electric field. The ten­
dency towards random orientation of the dipole molecules in a zero external field 
which corresponds to an increase of entropy becomes effective and the wax body 
returns to its initial state.
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(C) Qwmtum-mechanical •piciuro,.
In  the language of quantum mechanics, i t  may be said th a t the molecules 
liad moved to the state h from the state a. The state h represents a state fo]> 
higher dielectric constant than  th a t for states a. State of interchange of mole­
cules were caused partially by the applied electrical field and subsequently tho 
stage b was attained by the time dependent induction of field due to dipoles. The 
state 6 of the system of molecules is the unstable state. So the system returiin 
to the stable state a after a length of time. The life of the state 6 depends upon 
the applied electric field. This is evident from the graphs 2A and 5A, as obtained 
in the present investigations. The entropy of the molecular system in the slate 
b decreased as the system passed from the state a, where the entropy of the sys­
tem was larger, to the state  b. As the transport was forced, the systeMs revetted 
to the stable state a when the influence due to the applied field died down. TliiK 
suggests the breakdown of the alignments of the domains.
2 . Farther it was found th a t the abnormally high value of the dieleclrio 
constant of the polarised material, came down to the normal value when the 
materia] was remelted. Melting of the material destroyed the aUgned distnbn Ij o u  
of the dipoles and so there was no evidence of the increase in the value of IJio 
dielectric constant with time.
3. Tan S which determines the loss, was measured with the capacity bridge. 
The plot of tan  S against time is shown in figure (3). From the graph, it is cslcar 
th a t the value of tan  S was very small at tlie start. B ut in five days, the values 
increased very rapidly. Subsequently it  remained a t the higher-value level 
having some fluctuations. From a comparative study of the curves for (i) dielec­
tric constant e against time (figure 2 , curve A ) and (ii) tan  d against time (figure 
3), it is found th a t the value of dielectric constant dropped down to a lower level 
after about 90 days and thereafter gradually attained the values of e nearing those' 
of unpolarised material bu t the values of tan  d did not drop down to lower level. 
The cause for the attainm ent of lower values of c may be attributed to the break­
down of the alignment of the domains. That for the higher values of tan  8 even wlien 
the values of e came down to lower values, may be interpreted in the followmg 
way. Values of tan  8 depend on the product of the dielectric constant and the 
resistance which is a hypothetical series or shunt resistance associated witli fko 
actual condenser to account for the loss in the dielectric. Since the mean values 
of tan 8 as obtained in the present investigation are found constant, it  may he 
inferred here th a t this constancy i.e. the product eX-B, can be maintained even 
-when the value of e dropped down to lower level, if there is a corresponding rise in 
the values of JB. An increase in the value of k is possible, if the aligmnonts 
of the domains break down. In  the present investigation, the results indicate 
th a t this state  of affair might have occurred. These two observations on dielectric
constant and tan  8 suggest th at the alignments of the domains broke down after 
.ibout 90 days and the material lost its electret property.
4. The a.c, conductivity of the material was calculated with the help of the 
equation (9). Calculation of k required the measured values of e and tan S of 
the material and also T, the period of the measuring voltage. The plot k against 
lime is shown in the graph figure 2(C). Greater the development of surface 
(iliarges, greater will be the a.c. conductivity. In the present investigation, the 
cause of the variation of a.c. conductivity of the material against time, may 
bo attributed to the alignments of more and more dipoles in the direction of applied 
lield, resulting thereby in greater amomit of polarisation and hence surface charges 
winch caused the increased value of a.c. conductivity.
5. The temperature of the molten material, at which the field is to be applied 
plays an important role in making electrets. Results of tyi>ical experiments 
performed, are shown in the graphs 4A and 4B. Hero the applied voltage remained 
Iho same, but in one case the temperature was 180°C and in other 90°C. For 
this particular sample of the material, a compromising temperature of 180°C 
was found suitable for bettor results, without destroying the property of the 
material. Above 220“C, the material got charred. Considering those points, 
all the experiements were performed a t 180°C.
6. In  an experiment, the change of dielectric constants both in the direc­
tion of the applied field as well as at right angles to the field were measured. Results 
obtained are shown in graphs 5(a), 5(b) A and B. Figure 5(a) shows the 
change of dielectric constant along the direction of the field. Graph A of figure 
5(b) shows the change of dielectric constant against time, when the system acted 
as a control and graph B of the same figure shows the variation at right angles to 
the applied field. Here it  is apparent from the graphs A and B th at the dielectric 
constant decreased with time, with the exception for a short period of 3 to 4 days, 
wlicn the value of the dielectric constant was larger than the control. In all the 
experiments, where the dielectric constants were measured along the direction 
of the field, the values were always higher than those of the control from the very 
start of the experiment. This remarkable observation of the present investigation 
may be interpreted in the following way.
The domain structure may be supposed to have three axes of symmetry. 
Of the axes (X, Y, Z) say, the X  axis was aligned in the direction of the field and 
the other two Y  and Z  a t right angles to X , were oriented in any other direction. 
Ihidcr the joint action of the field induced by the dipoles and the measuring voltage 
one of the axes Y  or Z  was oriented in the direction at right angles to the field. 
So the dielectric constant increased. The curves are drawn in a magnified scale 
so as to show the small changes in the values of dielectric constant clearly.
7. The effects of the applied field on the making of electrets are shown 
in figures 2 and 4A. Larger the magnitude of the applied field, more enhanced
Making of Electret and Measurement of Dielectric etc, 296
2 9 6 T. C, Bhadra
is the effect produced. Moreover, the life of the state b depends on the applied 
field. Results of the experiments as depicted in figures 2 and 4A support this 
view. Exact relationship between the applied field and the life of the state h 
of the electrically treated material cannot be decided at this early stage of experi- 
ments. For this, experiments in details are being undertaken.
The present investigations being preliminary, no attempt to theorise or 
go into the details of the experimental studies was made. Here the main object 
was to make an electret and then to employ it to generate ultrasonic energy. The 
preliminary observations on the first part are reported here. Works with greater 
details are in progress.
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